I. Introduction
A small fraction of the total number of leukocytes are capable of making their way through walls of the venula into the tissue fluid and escape by penetration through the lining epithelium of the various mucous membranes.
These leukocytes, however, appear on the mucosae in varying amounts dependent upon the region of the body." Some of the leukocytes are as well preserved as those of the circulating blood, while others are degenerating or dying. Leukocytes have been observed in normal individuals in saliva, respiratory tract secretions, alimentary tract secretions, urine, and in secretions of the mammary gland .
Whether the myeloid leukocytes other than the neutrophils can occur on the mucosa, or at what rate they are discharged to the mucosa in human subjects and animals has not absolutely been determined. The present study was undertaken at our laboratory as part of a series of investigations concerning the peroxidase staining of the blood cells. Consequently, in addition to the Wright's or May-Giemsa's stain, selected peroxidase stains were used in order to differentiate the various leukocytes and to determine effects of the secretions upon the per oxidase staining. Leukocytes shed from the conjunctiva, nose, mouth, esophagus, trachea, stomach, small intestine and uterus were examined. In addition, the numbers and types of leukocytes were determined, i.e. neutrophils (pseudoeosinophils), lymphocytes, monocytes, eosinophils and basophils.
The lacrimal corpuscles (Mitsui et al., 1952) 3 are synonymous with the wandering leukocytes derived from the conjunctiva, while the nasal secretions-corpuscles (Mitsui et at., 1952)3 arise from the wandering leukocytes of the nasal mucosa. There is no doubt that the salivary corpusles (SUM r's Histology ri originate from the leukocytes in the oral mucosa."'"
II. Material and methods
Six hundred and sixty human subjects from ten to sixty years of age, and six rabbits and five guinea pigs were used for the study. All subjects were apparently healthy. The secretions were taken by means of cover slips or cotton applicators from the conjunctival, nasal, oral, esophageal, stomachal, intestinal, tracheal and vaginal mucous membranes. Blood specimens were simultaneously examined to determine numerical relationships between the leukocytes of the mucosae and those in the circulating blood, especially in the cases where the eosinophil leukocytes were found on the mucosa. All human material was gathered from living persons. All animals were killed by the inhalation of ether or hemorrhage from the carotid artery when the esophagus, trachea, stomach and small intestine were tested.
The smear preparations were stained with the Wright's, MayGiemsa's stain or hematoxylin-eosin solution. The peroxidase stain was utilized to differentiate the cells of the myeloid series from those Lacrimal corpuscles are the wandering leukocytes of the conjunctiva (after Mitsui et al., 1952) .22 The secretions were generally taken from the inferior palpebral conjunctiva with cover slips, and freshly prepared smears were immediately stained with the methods described above. The total number of human subjects was 380 ; this included 280 adults and 100 students from 13 to 15 years of age. Their conjunctivae were all apparently normal. The predominating leukocytes among the lacrimal corpuscles were neutrophils. Lymphocytes or monocytes were found less frequently, the eosinophils were rarely found, and the basophils were never identified. As shown in table 1, the neutrophils chiefly came to 60-100 per cent, and the lymphocytes to 1-30 per cent, while the monocytes to 1-10 per cent of all the lacrimal corpuscles. However, these leukocytes were not always demonstrated from the conjunctiva and neutrophils were identified in 152 instances out of 380 cases.
On the other hand, many leukocytes could be demonstrated in the water used to wash the conjunctival cavity, suggesting that leukocytes still remain on the conjunctiva after washing, though in smaller numbers.
The eosinophil leukocytes were found in only 8 cases out of 380 subjects (2.1%). These eight cases are indicated in table 2. In these eight instances, there was no systemic eosinophilia as manifested by blood smear examinations indicating that there is no close relation between the appearance of the eosinophils on the conjunctiva and the eosinophilia in the circulating blood.24 However, so-called conjunctivitis vernalis is a peculiar disease in which large numbers of eosinophils are seen among the conjunctival corpuscles.' Such patients present the subjective as well as the objective symptoms.
None of these 8 individuals manifested this disease. The eosinophils on the conjunctiva were well stained with the Wright's, May-Giemsa's stain or hematoxylin•eosin solution.
Their nuclei generally showed two symmetrical lobes which infrequently seemed to protrude beyond the cytoplasm, while the filamented lobes were rarely seen.
Mononuclear forms or cells with irregularly segmented nuclei were not unusual. The neutrophils on the conjunctiva were well stained with the Wright's stain or other modifications of the Romanowsky method using methylene azure which is an oxidation product of methylene blue. However, it becomes very difficult to confirm the presence of neutrophils or to distinguish them from the lymphocytic cells when degenerative changes are advanced 32' 37 The alterations are characterized by loss of nuclear staining quality, karyorrhexis and vacuolation of the cytoplasm's In such examples the peroxidase staining is of great value because the lymphocytes yever show granules, while the neutrophils consistently manifest distinct blue or brown granules with this starling method unless degeneration and autolysis are almost complete. The various peroxidase stains included the copper method (S a to-Se k i y 1922),'9 the zinc method (Usa mi-Y am am o to, 1043) and the NASBenzidine* solution (Mi tsui-Iked a, 1951).'9 Clearly stained neutrophils were identified although they could not be confirmed with the Wright's stain. The Wright's or May-Giemsa's stain cannot stain the granules of the degenerating neutrophil leukocyte as clearly as the peroxidase stain .
The question concerning the site of origin of the lacrimal corpuscles next arose. As shown in table 3, the number of leukocytes in secretion from the foi-nix was compared with those derived from the palpebral conjunctiva, and between those two regions, no reniar- Table 3 . Appearance of the lacrimal corpuscles at the fornix and the palpebral conjunctiva. 20-25 years old. +(leukocytes were found); -(no leukocytes).
kable difference was recognized. Both sites apparently give use to equal number of lacrimal corpuscles. The conjunctiva is a mucous membrane consisting of a stratified columnar epithelium which is typical for the whole conjunctiva and varies only as to its thickness in different places." In examining the sections of the conjunctiva, the leukocytic infiltrations within the epithelium were seen in various places but in fewer numbers when compared to the epithelia of the palatine tonsils and gingival sulci. The neutrophils were often seen migrating into the epithelial crypts (Henle's gland), and also into the epithelium of the tarsal region where Henle's glands are seldom found. The epithelium in the lymphoid nodules (Lymphonoduli conjunctivales) did not always show the leukocytic infiltration.
Nasal secretions-corpuscles.
When the wandering leukocytes of the oral and conjunctival mucosae of ten unselected young persons were compared with those derived from the nose, an interesting result was gained as shown in table 4. The nasal secretions-corpuscles (after Mitsui et al., 1952) 21.22 are the wandering leukocytes on the nasal mucosa which includes the paranasal cavities. Many secretions corpuscles were encountered in all instances in material derived from the nasal cavity as contrasted with the sparsity of corpuscles in the other secretions. Neutrophil granulocytes predominated in the nasal secretions, and eosinophils were often identified. The appearance of eosinophils , could not be correlated with eosinophilia of the peripheral blood. In three persons manifesting systemic eosinophilia (7.5 to 15%) in the blood smears, no eosinophils appeared among the secretions corpuscles (see table 4). In order to examine the nasal secretions-corpuscles more precisely, two hundred and seventy subjects from ten to sixteen years of age were utilized. The nasal secretions were taken from the inferior or the superior nasal meatus by means of cotton applicators, and several smears were prepared immediately. Effort was concentrated upon specimens from the superior nasal meatus because the. lacrimal _corpus-cles passing through the nasolacrimal duct mix with the nasal secretions-corpuscles at the inferior nasal meatus. However, the cellular constituents of the wandering leukocytes obtained from these two meatus showed no remarkable difference.
In tables 5 and 6, detailed results as to the cell component of the wandering leukocytes in the nasal cavity are presented. According to these tables, the neutrophils always compose over 90 per cent (sometimes 100 per cent), the lymphocytes approximately 0-6.5 per cent, and the monocytes 0-2.5 per cent of the nasal secretions-corpuscles. Eosinophils were found in 65 of 270 subjects, corresponding to 24.07 per cent of all the individuals. This ratio was very high as compared with the eosinophils of the oral mucosa and the conjunctiva. _ On the other hand, the percentage of the eosinophils in the nasal secretions-corpuscles was always under 3.0.
The percentage of the blood eosinophils of the eight subjects who showed the eosinophils in the nasal cavity (see table 8) , special eosinophil leukocytosis in the circulating blood was not found except in the case of 14.0 per cent, namely the latter percentage of the eight subjects were as follows : 14.0, 4.5, 3.5, 3.0, 25, 2.0, 2.0, 1.0. A statement similar to that concerning the lacrimal corpuscles, can be made for the nasal secretions-corpuscles-the appearance of eosinophils in the nasal cavity was not accompanied with the eosinophilia in the ciiculating blood. Table 7 . Appearance of the eosinophil leukocytes in the nasal secretions-, salivary, and lacrimal corpuscles. Takao" in 1948 stated that the appearance of eosinophils in the nasal cavity had no relationship to ascariasis and blood eosinophilia.
The eosinophils in the nasal cavity generally possessed two symmetrical nuclei similar to those of the circulating blood, but their nuclei were sometimes mononuclear or irregularly segmented in three or four lobes. Filamented nuclei were seldom found.
The intense leukocytic infiltration was generally found beneath the nasal and paranasal sinus epithelia. The presence of eosinophils has often been described in the subepithelial regions of the conchae or the paranasal cavities. As stated already, the neutrophil as well as the eosinophil leukocytes were found on the nasal mucosa in larger numbers than the oral mucosa or the conjunctiva-this difference probably depends on the specific character, function and response to trauma of the nasal mucosa. It is now obvious that there is an intimate relation between the number of the wandering leukocytes and the microscopical structure of the mucosa.
Salivary corpuscles.
According to Ikeda (1951)4 and Sasaki (1952)28 at our department, the predominant cells of the salivary corpuscles in both healthy and sick persons are the neutrophils, but that the neutrophils are not the only salivary corpuscles, for other blood cells such as the lymphocytes, monocytes, eosinophils and basophils may be found in saliva. Furthermore, the most significant regions for development of the salivary corpuscles are the palatine tonsillar crypts and the gingival sulci.2.9' 11.15. 23, 23, 28, 33 On the other hand, as shown in table 4, neutrophils were more often found in the nasal than in the oral cavity, whereas they were more prevalent in the oral than in the conjunctival cavity. The appearance of eosinophils among the secretions corpuscles followed the same trend. They were most numerous in corpuscles from the nasal secretions (24.07 per cent of subjects), next in frequency from oral secretions (13.1 per cent) and least common in conjunctival samples (2.1 per cent) (table 7). All subjects used in these observations lacked apparent pathological conditions of the mucosae. Just as with the conjunctival and nasal eosinophils, no correlation between oral eosinophilia and blood eosinophilia could be made (Ikeda in 1951)  (see table 8 , including the findings of the human vagina). 4 . Wandering leukocytes in the vagina.
From ten women who showed no inflammation in the genital organs, secretions were taken from the vaginal mucosa by cotton swabs, and fresh smear preparations made. The ages of the women ranged from twenty-two to thirty-seven.
Unlike the lacrimal or the salivary corpuscles, numerous wandering leukocytes were always found in vaginal specimens, and the classification of these leukocytes is shown in table 9. Almost all wandering leukocytes in the vagina were neutrophils, only a small number were lymphocytes or monocytes, and eosinophils rarely occurred.
As shown in table 9, the neutrophils always composed over 90 per cent, the lymphocytes 1.0-7.5 per cent, and the monocytes 0-1.0 per cent of the wandering leukocytes.
Leukocytes found in the vagina were occasionally very well preserved as indicated by strong peroxidative activities after staining with the NAS-Benzidine solution.
The eosinophils were found in four subjects out of ten examined, and the eosinophils amounted to 0-1.0 per cent of all the wandering leukocytes.
The basophil leukocyte was not identified.
The four women manifesting eosinophil leukocytes in the vaginal samples lacked eosinophilia in the circulating blood as shown in table 8 and 9. It should be noted that leukocytes appearing in the vaginal secretions are mixed with leukocytes derived from the uterine cavity.
As already stated, the predominating leukocytes on the various mucosae of healthy human subjects are the neutrophils ; the lymphocytes, monocytes, and eosinophils can be demonstrated although in far smaller numbers.
But of these findings, it is most interesting that the eosinophils can be demonstrated clearly on the mucous membranes such as nasal, oral, vaginal or conjunctival mucosae, although the eosinophilia in the circulating blood is not recognized in the same subjects.
It is said that these eosinophils occur on the mucosae particularly in allergic conditions8 and especially in the nasal passages owing to greater exposure.
In the present study, however, all the human subjects were apparently healthy and failed to manifest eosinophilia in their circulating blood. Then, why were the eosinophil leukocytes seen so often on the mucosae of, the normal man although at low percentage in all the leukocytes ? And, weren't they in the vagotonic or allergic conditions which could not be proved from the external appearance ? The answers to these questions remain to be determined, but I would suggest that the various mucosae probably represent one of the significant graveyards of the leukocytes including the eosinophils mentioned above.
Furthermore, it is true from our experience that the more frequently leukocytes appear in the secretions corpuscles, the more often eosinophils can be demonstrated.
The more precisely we examine the smear preparations of the secretions, the more easily we can find the eosinophils there.
On the contrary, it should be :regarded as an abnormal condition if a large number of the eosinophils appear on the mucous membrane as compared with the neutrophils-such a case, however, has never been found in the subjects mentioned above. animals were killed by means of the inhalation of ether or hemorrhage from the carotid artery (R6 in the tables) , but it should be noted that erythrocytes often appeared on the tracheal mucosa if the ether was used. The smear preparations were made as soon as possible (within thirty minutes) after death. These findings were compared with those of the human subjects mentioned above .
Lacrimal corpuscles of animals.
The secretion of the conjunctiva was taken by means of cover slips, and several smears were prepared immediately as in cases of the human subjects. The Wright's stain as well as the NAS-B solution were used for classification of the wandering leukocytes. The results obtained are shown in table 10 . In five rabbits, the predominating leukocytes in the lacrimal corpuscles were the pseudoeosinophils , and lymphocytes and monocytes were fewer in number, basophils and • eosinophils were seldom found. The pseudoeosinophils composed 60.4-100%, the lymphocytes, 0-31.2%, and the monocytes, 0-6.4% of all Table 10 . Classification of the lacrimal corpuscles of rabbits and guinea pigs. (R = rabbits, G= guinea pigs) the lacrimal corpuscles. The basophils and eosinophils were foiind only in one case of five (table '10) . The percentage of-the 'basophils in the circulating blood of R 1 (the solitary instance where the basophils were found in the lacrimal corpuscles) was 0.53: In five guinea pigs, the predominating leukOcytes among the lacrimal corpuscles were also the pseudoeosinophils ; the pseudoeosinophils amounted to 40.0-90.0%, the lymphocytes to 10.0-54.2%, the monocytes to 0-4.3%, and the eOsinophils to 0-5.9% of all the lacrimal corpuscles. As shown in table 10, eosinophils were often seen on the conjunctiva of the guinea pigs.
Nasal secretions-corpuscles of animals,
The nasal secretions were obtained by means of a cotton swab, Table 11 . Classification of the nasal secretions-corpuscles of rabbits and guinea pigs (R = rabbits, G = guinea pigs, Rd 2, Rd 3, Rd 4 = 30 minutes after ' death, Rd 5 = 43 hours after death in rabbit). The results are shown in table 11. The predominating cells of the nasal secretions-corpuscles both in rabbits and guinea pigs, were the pseudoeosinophils.
In nine rabbits cases the pseudoeosinophils reached values as high as 50.0-100%, the lymphocytes 0-45.0%, and the eosinophils 0-5.0% of all the nasal secretionscorpuscles.
Monocytes were not identified. The percentage of the eosinophils in the circulating blood of R 1 in table 11, was 0.8 ; R 1 was the case where the eosinophils were found in the nasal secretionscorpuscles.
While in five guinea pigs, the pseudoeosinophils reached 0-71.4%, the lymphocytes 25.0-100% (however, in four cases of five guinea pigs, the pseudoeosinophils were found in larger numbers than the lymphocytes)? the monocytes 0-4.2% of the nasal secretionscorpuscles, no eosinophil leukocyte were present.
As shown in table 11, more numerous wandering leukocytes were demonstrated on the postmortem nasal mucosa of the rabbits (Rd) than in their living state, because the secretions could be more easily taken from the nasal cavity. Table 12 . Classification of the wandering leukocytes on the mucous membrane of the esophagus of rabbits and guinea pigs (R = rabbits, G = guinea pigs, R 5 and G 5 = 48 hours after death).
3. Wandering leukocytes in the esophagus of animals.
Smear preparations of the secretions on the esophageal mucosa were stained with the Wright's stain as well as the NAS-B solution, and fresh leukocytes were found both in rabbits and guinea pigs. As shown in table 12, the predominating leukocytes were always the pseudoeosinophils. In six rabbits, the pseudoeosinophils reached values as high as 71.4-100%, while the lymphocytes ranged from 0 to 28.6% of the wandering leukocytes. Neither monocyte nor eosinophil leukocyte was seen. In secretions from five guinea pigs, the pseudoeosinophils ranged from 66.7 to 100%, while the lymphocytes amounted to 0-33.3% of the wandering leukocytes. Again, neither monocyte nor eosinophil leukocyte was seen. It is clear that the pseudoeosinophils can be discharged onto the esophageal mucosa more often than any other leukocytes, which is similar to the oral mucosa.36 4. Wandering leukocytes in the stomach of animals.
The smear preparations of the secretions on the stomachal mucosa Table 13 . Classification of the wandering leukocytes on the mucous membrane of the stomach of rabbits and guinea pigs (R = rabbits, G = guinea pigs, R 5 and G 5 = 48 hours after death).
were stained with the Wright's stain as well as the NAS-B solution.
The leukocytes were often very fresh ones as manifested by intense peroxidase reaction and stained fine blue, brown or in the double phase with the NAS-B solution.
As in case of the esophagus, the predominating leukocytes on the stomachal mucosa were the pseudoeosinophils. The detailed results are shown in table 13. In six rabbits, the pseudoeosinophils represented 66.7400%, while the lymphocytes 0-33.3% of the wandering leukocytes.
Neither monocyte nor eosinophil leukocyte was seen. In five guinea pigs, the pseudoeosinophils amounted to 0-100% and the lymphocytes to 0-100% (see table 13) of the wandering leukocytes.
While the monocyte was not seen, eosinophils were seen only in one case out of five. Other than the one case (G 5) the pseudoeosinophils were generally more numerous on the stomachal mucosa than the lymphocytes.
Wandering leukocytes in the small intestine of animals.
After the mucosa of the small intestine was gently washed for several seconds with the physiological saline solution, the secretions Table 14 . Classification of the wandering leukocytes on the mucous membrane of the small intestine of rabbits and guinea pigs (R = rabbits, G = guinea pigs, R5 and G 5 = 48 hours after death).
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were taken from the mucosa and several smear preparations made. The presence of pseudoeosinophils was distinctly confirmed with both the Wright's stain and the NAS-B solution.
As shown in table 14, in six rabbits the pseudoeosinophils reached values as high as 35.0-100%, the lymphocytes 0-55.0% of the wandering leukocytes, while the monocyte was identified only in one rabbit.
No eosinophils were found in any of the rabbits.
On the other hand, in the small intestine of the guinea pigs the lymphocytes were found slightly more frequently than the pseudoeosinophils, namely the lymphocytes reached 0-62.5%, the pseudoeosinophils 0-47.5%, and the monocytes 0-5.0% of the wandering leukocytes.
Eosinophils were found in one guinea pig of five. However, lymphocytes were found only in three guinea pigs in five, therefore there is probably no significant difference between the appearance of the pseudoeosinophils and that of the lymphocytes in the small intestine.
It has been reported by some investigators?' that the neutrophils (or pseudoeosinophils) were not dischargècl into the small intestine, but that only degenerating lymphocytes were discharged or mobilized there. The results of the present investigation, however, demonstrate that both pseudoeosinophils and lymphocytes were discharged onto the mucous membrane of the small intestine in rabbits and in guinea pigs.
Again, some would suggest that the leukocytes found in the small intestine were not derived from the small intestine but represented discharged leukocytes descending from the oral, esophageal or stomachal mucosae.
I think that almost all the leukocytes found in the small intestine were derived from the small intestine itself, because the leukocytes possessed normal fresh nuclei and the granules in their cytoplasm stained as intensely as those of the circulating blood with both the peroxidase and the Wright's stains. The secretions on the various mucosae are generally unsuitable environments for the survival of leukocytes.2. '3'16.17.18.38 It has already been reported that the eosinophils are seen very often in lamina propria of the lower alimentary tract in man,42 and that eosinophils are also found within the feces in instances of helminthiasis of man.
6. Wandering leukocytes in the trachea of animals.
The secretions were taken from the tracheal mucosae and several smear preparations obtained. These were stained with the Wright's ' stain and the NAS-B solution. The pseudoeosinophils were predominant Secretions on the mucous membranes from different individuals and from the same individuals on widely separate occasions showed that the neutrophils in man and the pseudoeosinophils in some animals were most commonly found. All these findings were confirmed by means of calculating the leukocytes on the smears as accurately as possible. Therefore, it can be said that the neutrophil (or the pseudoeosinophil) leukocytes are the chief component and that the lymphocytes, monocytes, eosinophils and the basophils are only additional parts of the wandering leukocytes except in special instances. This relationship held within forty-eight hours after the animal subjects were dead. Very occasionally the neutrophils (or the pseudoeosinophils) reach values as high as one hundred per cent of all the wandering leukocytes-this may depend on the great motility and phagocytic property of the neutrophils (or the pseudoeosinophils) as compared with other leukocytes such as lymphocytes or eosinophils. Besides this, most of the leukocytes appearing in the urine are also the neutrophils (Yokota and H asega w a, 1950).4 Then, why are the leukocytes so occasionally found on the various mucosae ? And, why are the myeloid leukocytes possessing strong and delicate activities" discharged to the various mucosae in so large numbers ? Our knowledge as to these questions is still limited. The mechanical as well as the bacteriological stresses on the mucosae are important factors for the development of the wandering leukocytes, but these two stresses are presumably not the only factors involved. The leukotaxin in the mucosa, chemotropism of the leukocytes, affinity of the leukocytes for the epithelium, permeability of the epithelium, and local absence of epithelium, should also be considered among investigating factors. Are the wandering leukocytes on the mucosae merely waste cells or " dust -like " cells similar to the shed epithelial cells ? Are they valuable ferment cells or are they patrol cells (after Mitsui) for phagocytosis ? Is the mucous membrane a mere graveyard for leukocytes ? These problems, however, remain to be determined, although the discharging phenomen of the leukocytes may have a certain relationship with the hematopoiesis. On the other hand, it was made clear by the present study that the latter wandering leukocytes are not always degenerating, but they possess as strong activities as in the circulating blood very occasionally, namely they stain as clearly as fresh leukocytes with the various Romanowsky's modifications and the peroxidase stain. Dying leukocytes are generally characterized by partial loss of their affinity for these stains. Furthermore it is of interest that the appearance of the eosinophils on the mucosa was not always accompanied with the eosinophilia in the circulating blood of the same subject. This is, I infer, due to the fact that the appearance of the eosinophils on the mucosa has an intimate relation with the local eosinophilia in the tissue but not absolutely with the blood eosinophilia. However, it should be noted that the eosinophils or the basophils cannot occur on the mucosa unless these two leukocytes are found in the circulating blood:
